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INTRODUCTION 
Improvement of soybean (Glycine max (L.) Merrill) seed yield by 
breeding is a relatively new science. Active interest in breeding began 
in the early forties by adopting methods used in small grains and other 
self-pollinated crops. 
Bulk breeding, pedigree selection, single-seed descent, early 
generation testing, and modifications of each have been the major methods 
used. Experiments evaluating various breeding methods individually and 
in comparison with one another have been reported in soybeans. Although 
data is available, conclusive evidence has not been presented to indicate 
which method is superior over time and space for selecting desirable 
genotypes from segregating populations. 
The objective of this study was to compare four breeding methods for 
their effectiveness in selecting superior pure lines from segregating 
populations of soybeans. The four methods compared with bulk family and 
single-line family selection, pedigree selection, and random selection. 
Single-line family selection is a new method that has not been described 
in the literature and has never been evaluated in comparison with other 
methods. 
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LITERATURE REVIEW 
The random selection method used in this study represented the 
single-seed descent method with no selection before yield evaluation. 
Goulden (1939) first proposed a system for rapid generation advance, 
later known as the single-seed descent method. In order to accelerate 
development of homozygous lines in self-pollinated crops, he separated 
the selfing and selecting steps simultaneously executed in the pedigree 
method. Goulden suggested that the progenies of single plants could 
be restricted to a minimum of one or two plants and two generations could 
be advanced in the greenhouse during the winter. Following such 
procedures, one could examine the genetic spectrum of the F^ generation 
in a homozygous state and in a very short time. Grafius (1965) utilized 
Goulden's system by growing barley plants in a sand bench, and watering 
them two or three times with a nutrient solution before letting them 
die. With this system, 8,000 barley plants were grown to maturity in a 
si' X 26' bench. 
Single-seed descent has been employed since 1966 in soybean breeding 
at Purdue University (Jim Wilcox, soybean project leader, personal 
communication, 1974). Nine plants are grown in 6" pots in the greenhouse 
under 12-14 hours of daylight and a growth retardant (Amo-l6l8) utilized 
to restrict plant growth. Three generations are grown per year, two 
generations In the greenhouse and one in the field. Speed and reduced 
record keeping were considered to be the greatest advantages of the 
single-seed descent method. The soybean varieties 'Beeson' and 'Cal land' 
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were developed at Purdue by this procedure. Kaufmann (1961) proposed a 
method similar to that of Goulden for oat improvement which entailed 
random sampling through segregating generations, and then critical 
testing and selecting of pure lines. This method, which is essentially 
the single-seed descent method, was proposed in order to overcome the 
limitations of the pedigree and backcross methods in improving yield. 
Kaufmann (1971) concluded after further study that the "random method" 
was superior to the pedigree method in breeding for high productivity. 
The biggest advantage of the random selection method is that the 
handling of segregating generations is simplified and larger numbers of 
lines can be more thoroughly evaluated. 
The pedigree method of breeding for high yield is dependent on the 
effectiveness of visual selection for yield. McKenzie and Lambert (1961), 
found that visual selection for yield in barley was ineffective at 
selecting high-yielding pure lines. The difference between the mean of 
lines visually selected as good and those selected as poor was less than 
one bu/acre. Atkins (1964) was able to visually categorize a set of 
experimental barley lines into good, random, and poor yielding groups. 
Statistically the three groups were significantly different at the 5% 
level, but the magnitude of the difference between the group means was 
only one bu/acre. It was concluded that visual selection in barley was 
not effective for selecting the high-yielding lines. Atkins (1964) 
agreed with McKenzie and Lambert (1961) that visual selection should be 
used primarily for discarding the poorest yielding lines in the 
population, Briggs and Shebeski (1970) reported that 14 breeders 
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selecting from 828 lines of hard red spring wheat were able 
collectively to make a significant improvement in yield at the 10% 
selection level over a random selection of lines. Individually, 
however, they could not select the highest yielding lines even under 
ideal selection conditions of three-row rod length plots and adjacent 
control varieties. The authors concluded that a lower selection intensity 
should be used for visual selection of elite lines since visual selection 
is less effective at choosing the superior lines than discarding the 
inferior ones. Frey (1962) was able to visually categorize F^ plant 
rows of oats into three distinctive yield groups. The good lines were 
higher yielding than the random lines which were in turn better than 
the poor lines. Visual selection on single F^ or F^ plants, however, 
resulted in the three classes yielding approximately the same, Frey 
considered visual selection to be of some use on F^ plant rows, whereas 
single plant performance was too highly influenced by environmental 
effects to permit effective single plant selection. 
Hanson, Leffel, and Johnson (1962) found poor agreement among 
three experienced soybean breeders, for visual selection, even though 
they correctly selected 22% of the top lines and 60% of the bottom lines 
of three classes. They stated that visual discrimination, utilizing 
information from replicated plots, should be an effective procedure 
within soybean families representing extremes in range of types. Unless 
a breeder is dealing with this wide range, however, visual selection 
should be used primarily to discard the poor types. Kwon and Torrie 
(1964) reported that visual discrimination for yield in soybeans was 
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better for the lower quarter of the lines than the upper quarter. They 
noted that plant height, maturity, and lodging influenced the observers 
concept of yield and that visual selection was more effective when 
extreme types were in the population. Expected gain for yield with 
visual selection on a single-plot basis was determined to be half as 
effective as selection based on plot yield. Because of this and the 
low heritability of yield, Kwon and Torrie suggest that a breeder may 
be better off to advance lines in early generations based on traits other 
than yield. 
Bulk family selection, a form of early generation testing, is of 
considerable interest to breeders because of its inherent advantages. 
However, its effectiveness is still debatable. Weiss (1949) stated 
that with early generation testing in soybeans, the breeder can discard 
undesirable lines early in the program, thereby, increasing the 
probability of finding good lines in later generations. The results of 
Leffel and Hanson (1961) indicated that bulk performance in the Fg-F^ 
generations of soybeans was a reliable predictor of the value of lines 
obtained from the bulk in the F^ generation. The authors point out some 
reasons for failure of early generation testing to find high yielding 
progeny: (1) excessive genotype by environment interaction (2) 
inadequate testing over time and space (3) heterosis, due to epistasis 
or dominance, in the early generations that is lost in later generations 
(4) heterozygosity and heterogeneity of genotypes within progenies (5) 
interplant and interplot competition. Weiss, Weber, and Kalton (194?), 
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after conducting an early generation testing experiment in soybeans, 
made the following conclusions: (1) heterosis cannot be used as an 
index of progeny performance of a cross (2) plants evaluated as 
spaced plants can fairly well predict performance of progenies of that 
cross (3) there is no correlation between the amount of genetic variance 
in early generations and mean yields in the F^ generation (4) "yield 
genes" are highly fixed by the F^^ generation (5) early generation testing 
should be over more than one year (6) after the F^, classifying lines 
for yield is no more dangerous than classifying homozygous varieties. 
Kalton (1948) obtained a poor correlation between the yield of crosses 
grown in the F^ and F^ bulk generations. The correlations between 
rankings of Fg-F^, Fg-F^, and F^-F^ generations were nonsignificant for 
yield while significant for maturity, height, and lodging. Kalton's 
data agreed with those of Weiss, Weber, and Kalton (194?) concerning 
testing in more than one year. He found that F^ lines at one location 
in one year were not indicative of the relative yields of the F^ progeny 
at the same location the following year. 
Fowler and Heyne (1955) were not able to classify early 
generation crosses of hard red winter wheat according to yield. 
Parental performance was not effective in predicting yield of selections 
but was as reliable as bulk hybrid performance. The researchers stated 
that the lack of success was probably due to high year to year variation 
in relative yield, or an inadequate technique for measuring yield. 
Mahmud and Kramer (1951) were able to predict F^^ bulk performance of 
soybean lines from their F^ progenitors by testing both generations the 
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same year. Genetic shift was avoided and thus heritability increased by 
bulking equal quantities of seed from each selected plant and growing 
the F^ and F^ under identical conditions. They found significant 
variability among lines within families for yield, height, and maturity 
up to the F^, F^, and Fg generations respectively. Similar results were 
reported by Torrie (1958b) when he compared different generations of 
soybean crosses in bulk. Bulk lines from 11 unselected crosses when 
tested in the F^ thru F^ did not perform consistently for yield among 
crosses when grown in different years. However, if different generations 
were tested the same year the differences among crosses were consistent. 
Yield performance of the same generation of selection grown in different 
years did not agree, whereas different generations tested in the same 
year did result in consistent yield differences among crosses. 
Johnson, Robinson, and Comstock (1955) made estimates of the genetic 
and environmental variability in soybeans. They concluded that it is 
evident that environmental effects account for much of the failure of 
the yields of soybean lines to be indicative of the yields of their 
progenies. They felt that the failure of bulk population tests to give 
reliable predictions of yield potentialities of crosses as reported by 
Weiss et (1947) and Kalton (1948) may have been due in part to cross 
by environment interaction. Early generation testing was effective as 
a preliminary evaluation of lines tested at one location for one year 
for most characters other than yield. 
Single-line family selection is a new method which utilizes the 
principle of F^ family selection. The method was suggested by H. H. Stine 
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(Stîne Seed Farm, inc., Adel, Iowa, personal communication, 1970). With 
single-line family selection, progeny from an F^ plant are advanced to 
homozygosity. One homozygous line from the F^ family is tested for yield. 
If this single line is superior additional homozygous lines are selected 
from the F^ family. The advantage of testing a single pure line from 
each Fg family is that the family can be evaluated free of intergenotypic 
competition. The superior pure lines used for predicting family value 
can be released as cultivars at the time that additional lines are being 
evaluated from selected F^ families. 
Although separate studies have been conducted to test the 
effectiveness of alternative breeding methods, one can only compare 
methods that have been tested together under controlled experiments. 
Tee (1971) compared single-seed descent and other bulk breeding methods 
in wheat. Larger genetic variances and higher expected genetic gains 
were obtained from single-seed descent populations than from other bulk 
populations. This suggests that the single-seed descent method maintains 
greater genetic variability during rapid generation advance. Empig and 
Fehr (1971) compared single-seed descent with three bulk methods to 
determine the optimum method for maintaining superior genotypes and 
maximum genetic variability during generation advance of soybean 
populations. No significant difference was found among the methods for 
yield or genetic variance. The single seed descent method, however, 
was least influenced by natural selection and was the most useful method 
for greenhouse or winter nursery environments where a genotype may 
perform differently than under field conditions in its area of adaptation. 
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Brim (1966) described a modified pedigree method of selection in 
soybeans. He stated that the method, which is essentially the single-seed 
descent method, had the following advantages over the pedigree method: 
(1) less space needed per generation, (2) less time and effort in 
harvesting, (3) less bookkeeping and note taking, (4) selection of highly 
heritable characters is effective on single plants, and (5) several 
generations can be grown per year. He stated that disadvantages of the 
single-seed descent relative to the pedigree are that (1) selection of 
characters with low heritability is ineffective on single plants, (2) 
selection for lodging resistance is not as effective in spaced plants as 
in drilled plots, and (3) identity of superior plants is lost and 
cannot be recovered. Torrie (1958a) compared the pedigree and bulk 
methods of breeding soybeans and found no difference in average 
performance of selections from either method. The selections, which were 
from six crosses, also showed no significant difference between methods 
for height, lodging, bacterial blight, oil and protein percentages, and 
iodine count of the oil. The mean seed yield was similar for both methods 
in three maturity classes for four of the six crosses. 
Harlan (1940) in an early study of methods in barley breeding 
stated that the bulk method was as effective as the pedigree method for 
identifying superior lines. Raeber and Weber (1953) evaluated the bulk 
and pedigree methods by comparing 10 phenotypical1y superior, 40 random, 
10 high-yielding pedigree, and 10 low-yielding pedigree lines. Mean 
yields indicated that phenotypic selection and pedigree selection were 
equally successful, and both were significantly better than random 
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selection for identifying superior genotypes from segregating populations. 
The low yielding-pedigree selections averaged significantly less than 
the other groups of lines. The researchers suggested a combination of 
pedigree evaluation in rows plus phenotypic selection in spaced plants 
for the most rapid genetic progress for yield. 
Voigt and Weber (i960) studied the effectiveness of selection 
methods for yield in soybean crosses and concluded that the early 
generation testing method was superior to the bulk and pedigree methods. 
The difference was small, however, and based on only one location-year 
data. No significant difference was found between the mean of lines 
selected by pedigree and bulk methods. Early generation testing 
had a larger number of lines that yielded significantly greater than 
the cross mean at the 5% probability level. A greater number of lines 
selected by early generation testing exceeded the check cultivar yield 
than lines selected by bulk or pedigree. Voigt and Weber (I960) 
reported that the average maturity of lines was earliest for pedigree 
selections followed by bulk and early generation selections. They also 
found, as did Weiss et (19^7), Kalton (1948), Raeber and Weber (1953), 
that yield genes are fixed to an appreciable degree by the 
Boerma and Cooper (1973) compared early generation testing, 
pedigree, and single-seed descent with four soybean crosses and obtained 
no consistent difference in methods. Lines from early generation testing 
were consistently later in maturity than those from the other methods. 
Single-seed descent was considered the best method because it permitted 
rapid generation advance, did not require as much selection effort, and 
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did not Involve expensive yield tests until later when it was considered 
more effective. Cooper and Boerma (1973) selected superior pure lines 
from single-seed descent, pedigree, and early generation tested bulk 
soybean lines. The pure lines yielded equal to or greater than their 
Fg-derived bulk progenitors. Luedders, Duclos, and Matson (1973) 
compared bulk, pedigree, and early generation testing methods in soybeans 
and obtained no significant difference among them. The cross bulk and 
early generation testing methods retained more lines than the maturity 
bulk or pedigree when selection was conducted over one or two years. 
This would permit larger populations to be evaluated and hopefully retain 
more consistently high-yielding lines. 
Casali (1973), after running a computer simulation study, concluded 
that a combination of early generation pedigree selection to the 
followed by selection among lines derived by single-seed descent was the 
most rapid and efficient method to maintain a reasonable genetic base for 
selection In the F^. This method is not significantly different from 
pedigree selection alone but the time required to reach F^ was decreased 
by two years. 
Casali (1973) considered the effects of heritablllty and population 
size on breeding progress with various breeding methods. At high 
heritablllty (75%) and moderate heritablllty (50%), pedigree selection 
was most effective. At low heritablllty (25%) single-seed descent 
selection was most effective. Single-seed descent was inferior to 
pedigree or bulk selection at all heritablllty levels when equal numbers 
of lines were compared for each method. When maintaining ten times the 
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number of lines, single seed descent was superior to pedigree select 
at 25% heritability and to both pedigree and bulk methods at 10% 
heritabi1ity. With 10% heritability, single-seed descent without pr 
selection was the preferred method. 
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MATERIALS AND METHODS 
Two segregating populations were used to evaluate four breeding 
methods. The populations were from cross 1 of Amsoy x Provar (Magna x 
Disoy) and cross 2 of Hark x Provar (Magna x Disoy) . The four 
breeding methods evaluated were random selection (RS), pedigree selection 
(PS), bulk family selection (BF), and single-line family selection (SF). 
The crosses were made for the purpose of obtaining large-seeded 
lines that were high in protein and yield. Amsoy and Hark were selected 
for their high yield, Magna and Disoy were selected for their large seed, 
and Provar was chosen for its high protein and yield. 
Magna and Disoy were crossed at Ames In 1964, and the F^'s crossed 
to Provar the following year. The three-parent F^'s were crossed to 
Amsoy and Hark In 1966 to form the two four-parent populations. The 
F^ plants were grown In 1967 and the F^ seed space planted in rows at 
Ames for single plant selection in 1968. Eighty F^ plants (hereinafter 
referred to as F^ lines or families) of Provar maturity were randomly 
selected from each cross. All 80 families were maintained for the RS 
method and were the genetic base for PS. For the BF and SF methods 40 
of the 80 families were selected at random. The reduction In number of 
families of BF and SF was to permit comparison of the four methods with 
approximately equal inputs of time and expenses for each. RS required 
no selection or testing before the final yield evaluation. PS required 
visual selection each generation. BF required yield evaluation of 40 
Fg lines and SF 40 F^ lines to identify superior F^ families. 
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For the RS method, five seeds were harvested from each of 80 
plants in each cross. Identity of the families (plants) was maintained 
during generation advance. The families were advanced from F^ to F^ by 
harvesting five seeds from one plant in the family each generation. 
One F^ plant was harvested from each F^ line and an F^ plant row grown 
at Ames in 1971 for seed increase. RS as conducted in this study is 
equivalent to single-seed descent when there is no visual selection 
prior to yield testing. 
For the PS method, F^ seed from the 80 F^ plants was planted in a 
2 m row. Forty rows were selected and four F^ plants selected within 
each. Each F^ selection was grown in a progeny row at Ames in 1970. 
At this time the best 20 of 40 families (represented by F^ plant 
rows) were chosen. Two F^ plant rows were selected from each of the 20 
families and two F^ plants chosen from each selected row. F^ seed from 
those F^ plants was sent to Puerto Rico in the winter of 1970. One F^ 
plant was randomly harvested in Puerto Rico from each F^^ selection. 
One F^ progeny row was grown at Ames in 1971 for each of the two F^ 
plants selected in 1970. One of the two F^ rows was selected for 
yield evaluation in 1972 and 1973. The reduction of F^ families from 
So to 20 represents a selection pressure of 25% for the PS method. With 
two Fg lines selected from each family, a total of 40 lines for each 
cross were evaluated. 
For the BF and SF methods, 40 of the 80 plants were selected 
at random, and a progeny row was grown for each of the 40 F^ families. 
Each row, which contained F^ plants, was harvested in bulk. A 50 seed 
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sample from the row was used to plant a row at Ames in 1970. Each row 
was harvested in bulk and seed sent to Puerto Rico. Four individual 
F^ plants were harvested from each family. A progeny row of each was 
grown at Ames in 1971. The F^ lines, along with their F^ line 
progenitors, were yield tested in 1972 and 1973. Yield data was used 
to predict F^ lines from which more superior F^ lines could be extracted. 
The selection unit for determining superior families in BF was the 
F^ line per se, while for SF the unit was a single F^ line. 
Ail Fg plant rows which were 40 inches wide and five feet long were 
grown at Ames in 1971 to eliminate a possible seed source effect in the 
1972-1973 yield tests. 
For BF, a yield test of Fg-derived 1 ines in F^^ was conducted in 
addition to the 1972-1973 yield tests. Forty lines from each cross were 
evaluated in a randomized complete block design with three replications 
at three locations. The two-row nonbordered plots were 3.8 m long with 
68 cm between rows within a plot and 102 cm between plots. The plots 
were end-trimmed to 3.5 m early in the season and to 2.4 m late in 
the summer after pod filling. A total of 4.8 m of rows were 
mechanically harvested from each plot and the seed dried for three days 
at 100 C before weighing. Conventional analysis of variance was 
calculated for selection of superior F^ families. 
Yield testing in 1972-1973 was conducted at Ames, Iowa with the same 
plot size and nursery techniques as those in 1971. A total of 400 entries 
per cross were evaluated including checks. A randomized complete-block 
design was used, with ten sets of 40 entries in a replication. Based on 
1971 F^ line data, two high and two low yielding F2 families were paired 
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within each set. Consequently, each set consisted of 4 lines, 16 F^ 
lines (4 from each F^ line), 4 blends of the F^ lines, 8 RS lines, 4 PS 
lines, and 4 parent varieties as checks. Four of the RS lines were 
from the same four F^ lines in that set, while the other four were 
chosen at random. The PS lines in a set were from the same F^ lines in 
that set only when those families had been selected. In all other cases 
the PS lines occurred at random in the sets. The motive for pairing 
high and low-yielding lines was to reduce bias from set to set within a 
replication due to different yield potentials. 
Grouping entries into sets with common checks permitted an 
assessment of variation among sets due to experimental error. An analysis 
of variance for the checks revealed no significant differences from set 
to set for both crosses and years. Therefore, sets were ignored and the 
entries analyzed as a randomized complete-block design with four 
replications at one location for two years. 
The F^ and F^ lines grown in 1972-1973 were analyzed in a standard 
combined analysis of variance (AOV). The model was; 
Yijk = + A; + ®ij + ®ijk 
where 
Y... = yield of the k^^ entry in the replication and 
'J" .th 
I year 
/X = population mean 
A. = i^^ year; i = 1 to 2 
B.J = jreplication within the iyear; j = 1 to 4 
Cj^ = k^^ entry; k = 1 to 400 
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ACji^ = interaction effect of the entry with the i^^ year 
e... = experimental error 
ij k 
The complete AOV was too large to run on one SAS program, therefore, 
eight smaller runs were made. A separate AOV was made for entries, 
groups, lines, F^ lines, RS lines, PS lines, blends, and checks. 
These were then compiled i n t o  the t o t a l  A O V  as presented in Appendix 
Tables 14 and 15- The blends of four F^ lines from each F^ family were 
included in the AOV for a study of intergenotypic competition by 
Gedge (1974). 
Yield, maturity, lodging and height were the characters measured 
in this study. Yield was recorded as grams per plot; maturity as the 
number of days after August 31 when 95% of the pods had turned brown; 
lodging score taken at maturity from 1 (plants erect) to 5 (plants 
prostrate); and height as centimeters from ground level to the top of 
mature plants. Yield in kg/ha may be obtained by multiplying grams/plot 
by 2.576013. Good experimental conditions prevailed during the 
experiment. All plantings were in May and harvests in October. 
Yield and maturity frequently have a strong positive correlation in 
soybeans. In this study, the genotypic correlations between yield and 
maturity were .88 and .61 on a random set of F^ lines for cross 1 and 2, 
respectively (Appendix Table 9). Consequently, yield means were 
adjusted for maturity by the regression of yield on maturity and maturity 
squared. Linear as well as quadratic relationships between the two 
characters were taken into account. The formula for the adjustment was; 
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Y*= Y - b^(M - M) - - M^) 
where 
Y* = the adjusted mean yield 
Y = the unadjusted mean yield 
b^ = the linear regression coefficient 
bg = the quadratic regression coefficient 
M = the mean maturity for all F- lines from a breeding 
method 
M = the entry maturity. 
Heritabi1ities were calculated on a per line basis with the formula: 
/ 
= 5= + s| 
where 
2 Sg = the error variance component 
2 Sg = the entry variance component 
2 
Sgy = the entry by year variance component 
r = the number of replications 
y = the number of years. 
Student's t-test of significant difference between two means of 
unequal observations were calculated as follows: 
t 
m, - m, 
05,df ~ /EMS + EMS 
"l "2 
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where 
and = means to be tested 
EMS = the error mean square for both means 
n^ and n^ = the respective number of observations that 
went Into each mean. 
Genotypic correlations of plant characters were calculated by the 
formula: 
^ cov(x,y) 
where 
X and y = two different plant characters. 
s = standard deviation 
The superiority of an family was determined by the number of 
lines selected from It that were two standard errors above the populati 
mean : 
sj 
superior F^ = JJL +  2 j  
where 
jj, = population mean yield 
2 S = error variance 
e 
n = number of observations of each entry. 
Fg families with the same number of superior F^ lines were ranked by 
mean yield of the four F^ lines from each family. 
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RESULTS 
The effectiveness of BF and SF methods varied with the amount of 
genotype by year interactions (G x Y) present in the selection of the 
superior F^ families. The effect of G x Y is illustrated by higher 
correlations between F^ and F^ lines grown the same year compared to 
different years (Appendix Table 10). The true value of the F^ family 
was based on the performance of its F^ lines in 1972-1973. The predicted 
value of an F^ family by BF or SF evaluation was considered at three 
levels of G X Y. No G x Y was present when F^ and F^ lines were 
evaluated in the same environments in 1972-1973 (Mahmud and Kramer, 1951). 
A moderate level of G x Y was present when family selection by BF and SF 
was made using 1972 data only. In this case the 1972 data was one-half • 
of the 1972-1973 mean, therefore, the potential influence of G x Y was 
restricted. Extensive G x Y was obtained by yield testing the 
families in 1971 and their F^ line progeny in 1972-1973. Here F^ and F^ 
lines were selected in entirely different years. 
When no G X Y was present in the selection of top families, BF 
had the largest number and percentage of superior F^ lines. The average 
(over crosses) number of superior F^ lines out of 40 tested was 16 for 
BF compared to 13 for SF (Table 1). The mean of all F^ lines tested 
(method mean) for BF was significantly greater than the method mean of 
the other methods. Results similar to those of the breeding method 
means were also found in the means of F^ lines selected from the top 10 
and 25 percent of each method (Appendix Table 11). When only the top 
F line from each method was considered, however, no significant 
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Table 1. Yield of lines from four breeding methods using 
1972-1973 combined data with no G x Y for BF and SF® 
Superior F^ Lines'^ Method^ Method 
Cross Method Number Percentage Mean Range 
1 BF 13 32 1215 a 1339-1097 
SF 10 25 1198 b 1339-1094 
PS 8 20 1186 b 1395-1047 
RS 6 8 1132 c 1397-925 
2 BF 19 48 1215 a 1348-1029 
SF 16 40 1188 b 1348-924 
PS 6 15 1156 c 1347-1011 
RS 11 14 1107 d 1338-730 
^The top 25% of Fg families were selected for BF and SF. 
'^Number and percentage of lines two standard errors above the 
population mean. 
^Mean of all F^ lines selected by the method (g/plot). Method 
means with the same letters are not different at the 5% probability 
level. 
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difference was found among methods (Appendix Table 11). But, these data 
do indicate that yield evaluation of heterogeneous lines is effective 
for identifying families containing superior pure lines, 
BF was superior to SF for identifying the top F^ families from which 
superior F^ lines were selected (Tables 1, 2 and 3). For 1972-1973 data, 
BF selected an average (over crosses) of eight and SF an average of six 
of the top 10 Fg families. Also, fewer families in the lower half of 
the family rank were selected by BF than by SF (Tables 2 and 3). The 
use of a single F^ line in SF to predict the value of an F^ family was 
not as successful as testing the line per se. 
The relative efficiency of SF compared to BF for obtaining superior 
F^ lines was equal in cross 1 and greater in cross 2 when both F^ lines 
and the single line used in family evaluation were considered (Table 4). 
Although SF is less efficient than BF for selecting superior 'ami lies, 
the overall efficiency for obtaining pure lines is similar for the two 
methods. 
PS was not consistently better than RS for the two crosses (Table 1). 
The method mean for PS was significantly greater than for RS, but the 
total number of superior F^ lines was greater for RS than for PS. Visual 
selection by PS seemed to be effective at eliminating poor yielding lines. 
The yield of the poorest F^ line for PS was significantly greater than 
the poorest F^ line in RS (Table 1). The percentage of superior F^ lines 
also was greater for PS than RS. 
Areas with minimal G x Y effects on yield evaluation can be 
represented by using only 1972 data to predict family performance by BF 
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Table 2. Distribution of families selected by lines for BF and 
single F^ lines for SF over years and selection pressures for 
cross 1 
Rank 
^2 
Fami1y^ 
BF SF 
25% Selection 50% 25% Selection 
1972-73 1972 1971 1971 1972^73 1972 
1 119 + + + + + 
2 121 + + + 
3 102 + 
4 136 + + + 
5 133 + + + 
6 106 + + + + + + 
7 120 + + + + 
8 107 + + + 
9 134 + + + + 
10 117 
11 112 + + 
12 135 + 
13 104 + + + 
14 140 + + 
15 118 
16 139 + + + + 
17 113 + + + 
18 110 
19 125 + + 
20 137 + + + 
21 115 + + 
22 108 + 
23 116 + + 
24 123 + 
25 103 + + 
26 109 + 
27 101 + + 
28 131 + + 
29 126 
30 129 
31 128 + 
32 130 + 
33 127 + 
^Fg family entry as ranked by the number of pure line means per 
family that are two standard errors above the population mean. The 
secondary criteria was mean family yield. Pure line evaluation was 
based on 1972-73 data. + indicates F^ family selected. Dotted line 
indicates the top 10 families. 
Table 2. (continued) 
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Rank 
'^ 2 
Family^ 
BF SF 
25% Select ion iQl 
1971 
25% Selection 
1972-73 1972 1971 1972-73 1972 
34 105 
35 122 
36 124 
37 132 
38 114 
39 132 
40 138 + 
25 
Table 3. Distribution of families selected by lines for BF and 
single F^ lines for SF over years and selection pressures for 
cross 2 
BF SF 
Rank Fami1y^ 
25% Selection 50% 25% Selection 
1972-73 1972 1971 1971 1972-73 1972 
1 232 + + + + + + 
2 213 + + + + + + 
3 206 + + + + + + 
4 230 + + + + + + 
5 229 + + + + + 
6 220 + + + + 
7 210 + + 
8 234 + + 
9 225 + + 
10 228 
11 218 + + + 
12 221 + + + 
13 201 + + + 
14 217 + + + 
15 237 + 
16 211 + 
17 222 + + 
18 212 + + + 
19 207 
20 208 + 
21 215 + 
22 209 + + 
23 202 
24 216 + + 
25 205 + + 
26 238 
27 235 
28 231 
29 204 
30 219 
31 223 + + 
32 224 + 
33 240 
^Fg family entry as ranked by the number of pure line means per 
family that are two standard errors above the population mean. The 
secondary criteria was mean family yield. Pure line evaluation was 
based on 1972-73 data. + indicates F^ family selected. Dotted line 
indicates the top 10 families. 
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Table 3. (Continued) 
Rank 
34 
35 
36 
37 
38 
39 
40 
Fami 
233 
239 
236 
227 
214 
203 
226 
BF 
25% Selection 
1972-73 1972 1971 1971 
SF 
25% Selection 
1972-73 1972 
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Table 4. Number of superior lines from four 
methods in 1972-1973 combined® 
Method Cross 1 Cross 2 
BF 13 19 
SF^ 13 22 
PS 8 6 
RS 6 11 
^Number of lines yielding two standard 
errors above the population mean, 
^Number includes superior F^. lines used 
for F2 family evaluation. 
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and SF. When F^ families were selected in 1972 by testing F^ lines for BF 
and single F^ lines for SF, the number of superior F^ lines subsequently 
selected was similar to that from the 1972-1973 F^ family test. Slight 
changes infavor of BF occurred in the number and percentage of superior 
F^ lines selected because different F^ families were occasionally chosen. 
BF thus demonstrated an even more convincing advantage over SF when 
moderate G x Y was present (Table 5). 
The influence of extensive G x Y on family selecting methods was 
evaluated with 1971 F^ line data for BF (Table 6), With extensive G x Y, 
selection by BF was not consistently superior to RS. Only three of the 
top 10 families were identified in cross 1 and 5 of the top 10 in 
cross 2 (Tables 2 and 3). Two or three top families should be selected 
by random chance alone. Therefore, the advantage of BF over RS, as 
presented with 1972-1973 data, is apparently negated when strong G x Y 
effects exist (Tables 1 and 6). 
The reduction in effectiveness of BF when extensive G x Y is present 
was evaluated with 25 and 50% selection intensities imposed on the F^ 
lines. A total of 40 F^ lines were considered for each intensity. The 
use of a 25% selection intensity involved the selection of four F^ lines 
from each of 10 F^ lines. A 50% selection intensity involved the 
selection of two F^ lines from each of 20 F^ lines. When the selection 
intensity was decreased, the effectiveness of BF dropped markedly 
(Tables 2 and 3). 
More of the top 10 families were chosen with 50% selection, but 
fewer total superior F^ lines were sampled than with 25% selection (Tables 
2 and 3, and Appendix Tables 12 and 13). The advantage of BF and SF 
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Table 5. Yield of lines tested in 1972-1973 from four 
breeding methods with moderate G x Y for BF and 
S Fa 
Superior 
^ , . b 
Fg Lines Method^ 
Cross Method Number Percentage Mean 
1 BF 12 30 1219 a 
SF 6 15 1160 c 
PS 8 20 1186 b 
RS 6 8 1132 d 
2 BF 20 50 1215 a 
SF 16 40 1198 b 
PS 6 15 1156 c 
RS 11 14 1107 d 
^The top 25% of F„ families selected by BF and SF in 
1972. 
^Number and percentage of lines two standard errors 
above the population mean. 
^Mean of all F^ lines selected by the method (g/plot). 
Method means with the same letters are not different at the 
5% probability level. 
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Table 6. Yield of F^ lines tested in 1972-1973 
breeding methods with extensive G x Y 
from two 
for BF® 
Superior F^ Lines'^ Method^ 
Cross Method Number Percentage Mean 
1 BF 6 15 1184 
RS 6 8 1132 
2 BF 11 28 1162 
RS 11 14 1107 
^The top 25% of Fg families were selected by BF in 1971. 
'^Number and percentage of lines two standard errors 
above the population mean. 
*^Mean of all F^ lines selected by the method (g/plot). 
Method means are different at the 5% probability level. 
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/ 
over PS and RS dropped significantly, regardless of the G x Y effect, 
when 50% of the families were selected. 
With PS and RS, 80 F^ lines were utilized per cross compared with 
40 F2 lines for BF or SF. The value of sampling more F^ lines among 
than within F^ lines was evaluated by examining the amount of genetic 
variability involved and the yield of the top line for each selection 
method. Only the 1972-1973 data was utilized to avoid the effect of 
G X Y on BF and SF. More genetic variability among F^ lines was present 
for RS, but the added variability did not permit the selection of an F^ 
line significantly superior to those from the other methods (Table 7 and 
Appendix Table 11). In some selection schemes where G x Y biased BF and 
SF, the RS top line was significantly superior to the BF or SF top line 
(Appendix Table 11). The genetic variance component for the 160 F^ 
lines of BF and SF was smaller than that for the 80 F^ lines of RS. 
Twice as many F^ families are represented by RS than by BF and SF. As 
expected, the additive genetic variance for the F^ lines was approximately 
one-half that of their F^ line progeny (Table 7). 
Heritability estimates for all traits measured in 1972-1973 are 
relatively high for both crosses (Table 8). The estimates for maturity, 
height, and lodging are similar to those reported by Bartley and Weber, 
1952, and Anand and Torrie, 1963. But, heritabi1ities for yield are 
higher than generally reported. High heritabi1ities for 1972-1973 data 
are associated with good genetic variance coupled with low year effect 
and experimental error (Appendix Tables 14, 15 and 16). 
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Table 7. Genetic variance components of four characters 
from 1972-1973 combined data 
Variance 
Cross Source Yield Maturity Lodging Height 
1 1 ines 8,929 17.85 0.13 83.50 
1 ines 4,061 5.12 0.09 45.00 
PS 1 ines 6,417 4.75 0.05 29.75 
RS 1 ines 10,219 19.05 0.l4 102.25 
2 
^5 
1 ines 16,865 18.85 0.07 106.25 
1 ines 7,980 4.45 0.03 9.75 
PS 1 ines 7,742 10.62 0.06 91.75 
RS 1 i nes 18,407 24.17 0.10 158.50 
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Table 8. Heritability estimates, in percentage for four 
characters from 1972-1973 combined data 
Variance 
Cross Source Yield Maturity Lodging Height 
1 
'5 
1 i nes 80 89 78 89 
^2 
) ines 79 89 73 83 
PS 1 ines 74 86 55 75 
RS 1 ines 79 86 79 91 
2 
•^5 
1 ines 90 85 74 90 
^2 
1 ines 87 85 60 36 
PS 1 ines 79 88 71 89 
RS 1 ines 93 89 77 92 
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DISCUSSION 
Family selection by BF or SF was successful for developing high-
yielding F^ lines when limited G x Y was present, but not with extensive 
G X Y. Success of BF and SF, therefore, depends on the ability to 
estimate G x Y effects in a breeding program. A breeder conducting 
family selection often would evaluate F^ line or single line performance 
on the basis of one year's data. To estimate G x Y effects on selection, 
several locations in one year can be used for the yield test. This is 
effective where genotype x location effects are equal to or greater than 
the genotype x year interaction. When G x Y is greater than the genotype 
x location interaction, family selection may be of limited value for 
developing pure line cultivars. The extra years required to determine 
family performance, however, would greatly reduce the efficiency of 
BF or SF. 
The PS method selected a higher percentage of good lines compared 
to RS because it has the advantage of several generations of visual 
selection under different environments. This gradual elimination of 
genotypes not well adapted to particular environments results in a 
higher frequency of genotypes adapted to a wider range of environments. 
Overall, PS was not adequately successful in this study to justify its 
use, particularly when winter nurseries or greenhouses are available 
for rapid generation advance by single-seed descent. The data for PS 
did suggest that visual selection can be effective for eliminating 
low-yielding genotypes. These results are in agreement with previous 
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studies (McKenzie and Lambert, I96I; Hanson, Leffel and Johnson, 1962; 
Atkins , 196^). 
The RS method represents single-seed descent with no selection 
prior to yield testing, and was used to determine the effectiveness of 
BF, SF and PS. The effectiveness of single-seed descent was equal to 
that of PS even without the benefit of visual selection. Therefore, the 
use of single-seed descent with visual selection before or during yield 
evaluation would improve the number and percentage of superior homogenous 
lines. Such a procedure should be useful where G x Y effects are large 
and subsequently the effectiveness of BF and SF methods are reduced. 
The choice between BF and SF will depend on breeding objectives and 
facilities available. The principal advantage of BF is that heterogeneous 
lines from a population generally can be evaluated one year earlier than 
homogenous lines for SF. BF is a form of early generation testing and 
can be used in connection with S^ testing for recurrent selection. 
Superior S^ lines can be advanced by selfing and homogeneous lines then 
selected for evaluation. 
The principal advantage of SF compared with BF is that the 
homogeneous single lines used to identify high-yielding F^ families can 
be further evaluated for release as pure-line cultivars. Consequently, 
all lines evaluated by SF are potential cultivars. The total number 
(combined over crosses) of superior F^ lines for SF was slightly greater 
than for BF when both the single line and reselections from selected 
families were considered. Although the additional number of good lines 
from SF is not significant, the increase does add to the value of SF 
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relative to BF. Another advantage of SF is in evaluating an F^ line 
without the bias due to intergenotypic competition. 
The principle disadvantages of SF compared to BF are as follows: 
(1) with SF, extra work is required to maintain families during generation 
advance. All families, including those that ultimately will be discarded, 
must be grown for three or four generations before the single line is 
selected for testing. With BF, only selected families are involved in 
generation advance. (2) Since SF requires at least one more year than 
BF for family selection, pure lines from selected SF families would 
be evaluated at least one year later than pure lines from selected BF 
families. (3) The pure lines later evaluated from selected families are 
in competition with potentially superior new material that has become 
available from other sources in the intervening period. (4) More record 
keeping is required with SF than with BF. At the time that the single 
line is selected from a family, a sample of seed must be collected from 
other plants in that family. A family identity must be assigned to both 
the single line and the seed from extra plants. Errors in maintaining 
family identity would result in the selection of random families for 
further sampling rather than high-yielding families. Records for BF are 
minimal because seed from the yield test of heterogeneous lines can be 
used for generation advance. 
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SUMMARY AND CONCLUSIONS 
The effectiveness of BF and SF in selecting F^ families containing 
superior yielding F^ lines varied with the amount of G x Y involved. 
With no G X Y, BF and SF were nearly equal in their effectiveness for 
selecting superior yielding F^ lines, and both were considerably more 
effective than PS and RS. BF selected more of the top 10 F^ families 
than SF. However, BF and SF selected essentially the same number of 
superior F^ lines when single-lines used for family evaluation with SF 
were included. 
When moderate G x Y was involved, the results were similar to those 
with no G X Y. SF declined slightly more than BF in its effectiveness 
of selecting top F^ families. Consequently, BF had a larger number of 
superior F^ lines than SF, but remained nearly the same relative to 
PS and RS. 
With extensive G x Y, BF was not superior to RS for effectiveness 
of selecting superior F^ lines. BF, SF and PS were for practical purposes 
the same as RS in selecting good lines from segregating populations. 
Visual selection by PS was effective for eliminating poor yielding 
Unes. PS was not superior to RS for identifying superior F^ lines, 
PS had a higher method mean and percentage of good lines, but RS selected 
a greater total number of superior F^ 1ines. 
The influence of 25 and 50% selection intensities on effectiveness 
of family selection was compared. More of the top F^ families were 
chosen with a 50% selection intensity, but fewer superior F^ lines were 
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sampled from them than with 25% selection. Consequently, a considerable 
decrease in the advantage of BF and SF over PS and RS resulted when 50% 
instead of 25% of the F^ families were sampled. 
With moderate or no G x Y, BF or SF would be the most effective 
method to use for cultivar development. With extensive G x Y, RS with 
visual selection prior to yield testing would be the most effective and 
efficient method. 
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sampled from them than with 25% selection. Consequently, a considerable 
decrease in the advantage of BF and SF over PS and RS resulted when 50% 
instead of 25% of the F^ families were sampled. 
With moderate or no G x Y, BF or SF would be the most effective 
method to use for cultivar development. With extensive G x Y, RS with 
visual selection prior to yield testing would be the most effective and 
efficient method. 
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APPENDIX 
Table 9. Phenotypic and genotypic correlations on combined 1972-73 data for two crosses and 
four characters 
Material 
Type of 
Correlation 
Y X M Y X L 
Character Correlations^ 
Y X H M X L M X H L X H 
1 2 1 2 1 2 1 2 1 2 1 2 
F p. lines Pt .63 .57 .28 .31 .53 .56 .54 .52 .76 .66 .68 .62 
Gt .83 .66 .42 .44 .65 .59 .58 .65 .88 .74 .78 .81 
F 1i nes Pt .51 .41 -.05 .31 .41 .50 .39 .47 .57 .48 .53 .51 2 Gt .64 .52 -.03 .52 .54 .83 .46 .61 .67 .80 .65 1.28 
PS 1i nes Pt .49 .62 -.02 .57 .06 .59 .58 .69 .14 .55 .39 .53 
Gt .52 .76 .07 .80 .02 .65 .90 .86 .11 .62 .66 .65 
RS 1i nes Pt .70 .55 .34 .37 .49 .51 .52 .64 .68 .76 .65 .70 
Gt .88 .61 .44 .44 .55 .52 .53 .73 .78 .86 .73 .84 
Check 1ines Pt .87 .51 .57 -.12 .81 .61 .50 .15 .80 .16 .66 .18 
Gt 1.13 - 1.07 -.60 1.05 - .42 - 1.01 - 1.09 -
^Heading designations: Y, M, L, H, Ft, and Gt refer to yield, maturity, lodging, height, 
phenotypic, and genotypic, respectively. Numbers 1 and 2 refer to crosses 1 and 2. 
Table 10. Phenotypic correlations of lines, and their corresponding lines for 1972-73 yield 
data. Cross 1 data is in upper half and cross 2 the lower half of the diagonal. There 
are 40 F^ families represented per cross 
1971 1972 1972 1973 
•^5 F5 F5 F5 F5 
F 2 line F2 line F2 line F2 1ine 1 ine 1 line 2 line 3 1 ine 4 line 5 line 1-4 
1971 Fg line .54 .53 .52 .45 .46 .40 .46 .34* .57 
1972 Fg line .72 .86 .71 .56 .70 .45 .53 .43 .71 
1972' Fg line .69 .83 .66 .49 .72 .36* .53 .52 . 66 
1973 F2 line .77 .81 .75 .49 .63 .12". s. .38* .52 
Fg line 1 .52 .57 .53 .57 .59 .42 .54 .41 .81 
Fg line 2 .55 .62 .52 .65 .51 .38* .35 * .47 .71 
F^ 1ine 3 .65 .74 .60 .77 .43 .41 .46 .39* .76 
Fg line 4 .65 .62 .64 .64 .47 .40 .50 .45 .79 
Fç line 5 .58 .59 .48 .52 .50 .51 .35* .48 .56 
Fg line 1-4 .77 .83 .74 .86 .79 .76 .76 .76 .60 
1972-72 Fg line .74 .95 .96 .82 .57 .59 .70 .66 .56 .82 
1972-73 F2 line .74 .87 .93 .90 .58 .63 .69 .61 .54 .83 
1971-73 Fg line .86 .94 .92 .91 .61 .64 .76 .70 .60 .88 
"'^'Non-significant at the 5% probability level. 
^Significant at the 5% probability level. All other correlations are statistically 
significant to the 1% probability level. 
Table 10. (continued) 
72-72 72-73 71-73 
Fg line Fg line F^ line 
1971 Fg line .56 vn
 
00
 
.74 
1972 Fg line .97 .87 .92 
1972' Fg line .96 .92 .91 
1973 F2 line .71 .90 .84 
F^ line 1 
.55 .54 .58 
Fg line 2 .74 .74 .73 
Fg line 3 .42 .28"'S' .39 
Fg line 4 .55 .53 .56 
Fg line 5 .49 .50 .49 
Fg line 1-4 .72 .66 .72 
1972-72 Fg line .93 .95 
1972-73 Fg line .94 .96 
1971-73 Fg line .97 .96 
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Table 11. Yield means of lines from the top 10% and 25% of lines 
selected by each method. Also, the top F^. line selected by 
each method 
Corresponding^ . 10% Selection 25% Selection Top 
table Method mean mean 1 ine 
1 BF , 1310 ab 1289 a 1339 a 
SF 1294 b 1271 a 1339 a 
PS 1346 a 1290 a 1395 a 
RS 1273 b 1228 b 1397 a 
5 BF 1310 ab 1289 a 1339 ab 
SF 1273 b 1252 b 1293 b 
PS 1346 a 1290 a 1395 a 
RS 1273 b 1228 b 1397 a 
6 BF 1272 a 1253 a 1289 b 
RS 1273 a 1228 a 1397 a 
11 BF 1295 b 1262 a 1339 a 
SF 1295 b 1250 b 1339 a 
PS 1346 a 1290 a 1395 a 
RS 1273 b 1228 b 1397 a 
12 BF 1295 b 1257 b 1339 ab 
SF 1276 b 1248 be 1298 b 
PS 1346 a 1290 a 1395 a 
RS 1273 b 1228 c 1397 a 
1 BF 1314 a 1291 a 1348 a 
SF 1309 a 1287 a 1348 a 
PS 1306 a 1254 b 1347 a 
RS 1273 a 1237 b 1338 a 
5 BF 1314 a 1291 a 1348 a 
SF 1309 a 1287 a 1348 a 
PS 1306 a 1254 b 1347 a 
RS 1273 a 1237 b 1338 a 
^For explanations of the selection criteria, refer to the 
corresponding table legends. 
^PS and RS data are the same throughout, and are presented each 
time for t-test comparisons with BF and SF at the 5% probability level. 
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Table 11. (continued) 
Corresponding^ h 10% Selection 25% Selection Top 
Cross table Method mean mean 1 i ne 
6 BF 1279 a 1256 a 1298 a 
RS 1273 a 1237 a 1338 a 
11 BF 1301 ab 1273 ab 1348 a 
SF 1318 a 1284 a 1348 a 
PS 1306 ab 1254 be 1347 a 
RS 1273 b 1237 c 1338 a 
12 BF 1295 ab 1267 ab 1348 a 
SF 1318 a 1282 a 1348 a 
PS 1306 ab 1254 be 1347 a 
RS 1273 b 1237 c 1338 a 
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Table 12. Yield of lines from four breeding methods 
using 1972-1973 combined data with no G x Y for 
BF and SF^ 
Superior F^ 1ines^ Method^ 
Cross Method Number Percentage Mean 
1 BF 10 25 1191 a 
SF 8 20 1173 b 
PS 8 20 1186 ab 
RS 6 8 1132 c 
2 BF 12 30 1183 a 
SF 12 30 1176 a 
PS 6 15 1156 b 
RS 11 14 1107 c 
^The top 50% of F„ families were selected for BF and 
SF. 
^Number and percentage of 1ines two standard errors 
above the population mean. 
^Mean of all F^ lines selected by the method (g/plot). 
Method mean with same letters are not different at the 5% 
probability level. 
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Table 13. Yield of lines tested in 1972-1973 from four 
breeding methods with moderate G x Y for BF and 
SPa 
Superior F^ 1ines^ Method^ 
Cross Method Number Percentage Mean 
1 BF 8 20 1186 a 
SF 6 15 1172 a 
PS 8 20 1186 a 
RS 6 8 1132 b 
2 BF 10 25 1174 a 
SF 11 28 1176 a 
PS 6 15 1156 b 
RS 11 14 1107 c 
^The top 50% of F- families were selected for BF and 
SF in 1972. 
^Number and percentage of lines two standard errors 
above the population mean. 
'^Mean of all F^ lines selected by the method (g/plot). 
Method means with the same letters are not different at the 
5% probability level. 
Table 14. Combined analysis of variance from 1972-73 data of cross 1 
Source of 
Mean 
Squares Mean Squares 
Variation d.f. Yield d.f. Maturi ty Lodg i ng Height 
Total 3199 24,903 1599 34 .27 116 
Years (Y) 1 2,734,291 1 20,592 42.00 4949 
Replications/Y (R/Y) 6 2,281,329 2 17 12.00 2287 
Entries (E) 399 88,602 399 69 .56 340 
Groups (G) 5 714,879 5 565 1.00 946 
1i nes 159 89,870 159 80 .67 377 
F2 lines 39 41,206 39 23 .48 218 
PS 1i nes 39 68,981 39 22 .38 158 
RS 1i nes 79 102,906 79 89 .68 450 
Checks (C) 39 90,347 39 48 .25 253 
Blends (B) 39 39,442 39 38 .39 279 
Y X E 399 17,889 399 8.9 . 16 43 
Y X G 5 60,781 5 48.3 1.00 23"'s 
Y X Fg 1ines 159 18,440 159 8.6 .15 43 
Y X Fg 1ines 39 8,715"'s- 39 2.5"' 
s. ^^n.s. 38n.s 
Y X PS 1ines 39 17,643 39 3.0 .17* 3gn. s 
Y X RS 1ines 79 21,155 79 12.8 • 14 41 
Y X C 39 18,168 39 17.8 .17* 69 
Y X B 39 12,665 39 3.3* .17"'S' 37".s 
n. s. Nonsignificant F-test at the 5% probability level 
^Significant F-test at the 5% probability level. All other values are significant at 
the 1% probability level. 
Table l4. (continued) 
Source of 
Variation d.f. 
Mean 
Squares 
d.f. 
Mean Squares 
Yield Maturity Lodging Height 
R/Y X E 2394 8,669 798 2.0 .10 30 
R/Y X G 30 14,504 10 0.9 .11 38 
R/Y X 1i nes 954 8,203 318 2.4 .11 27 
R/Y X Fg 1ines 234 8,432 78 1.8 .11 31 
R/Y X PS 1i nes 234 9,098 78 1.5 .10 27 
R/Y X RS 1ines 474 8,973 158 2.0 .09 31 
R/Y X C 234 10,457 78 1.9 .09 26 
R/Y X B 234 7,221 78 1.8 .11 41 
Table 15. Combined analysis of variance from 1972-73 data of cross 2 
Mean 
Source of 
Variation d.f. 
Squares 
d.f. 
Mean Squares 
Yield Maturity Lodging Height 
Total 3199 27,543 1599 32 .17 143 
Years (Y) 1 1,760,345 1 13,894 1.00 11,433 
Replications/Y (R/Y) 6 1,895,664 2 36 7.00 3,422 
Entries (E) 399 130,637 399 76 .37 416 
Groups (G) 5 488,355 5 494 .44 1,295 
F^ 1ines 159 149,362 159 89 .42 473 
Fg 1ines 39 73,213 39 21 .20 108 
PS 1ines 39 78,370 39 48 .35 412 
RS 1i nes 79 159,056 79 109 .53 687 
Checks (C) 39 101,678 39 21 .12"'^- 64 
Blends (B) 39 89,523 39 38 .27 189 
Y X E 399 13,720 399 13.4 .11 52 
Y X G 5 31,557 5 89.2 .34 25". s. 
Y X F^ 1i nes 159 14,442 159 13.6 .11 48 
Y X Fg lines 39 9,369"'S" 39 3.2n.s. .08* 69 
Y X PS 1ines 39 16,437 39 5.5 .10 45 n. s. 
Y X RS 1ines 79 11,798 79 12.3 .12 53 
Y X C 39 15,215 39 21 .4 lin.s. 71 
Y X B 39 12,522 39 14.6 071.s. 40"'S" 
"'^'Nonsignificant F-test at the 5% probability level. 
^Significant F-test at the 5% probability level. All other values are significant at 
the 1% level. 
Table 15. (continued) 
Source of 
Variation d.f. 
Mean 
Squares 
d.f. 
Mean Squares 
Yield Maturi ty Lodging Height 
R/Y X E 239k 7,258 798 2.5 .07 29 
R/Y X G 30 7.126 10 2.0 .03 23 
R/Y X 1 i nés 954 7,117 318 2.6 .08 29 
R/Y X 1 i nés 234 7,237 78 2.6 .05 30 
R/Y X PS 1 i nés 234 7,583 78 1.4 .05 31 
R/Y X RS 1 înes 474 7,284 158 2.6 .08 32 
R/Y X C 234 7,985 78 2.3 .08 20 
R/Y X B 234 6,768 78 3.0 .09 29 
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Table 16. Coefficient of variation (CV) and least significant difference 
(LSD) for two crosses, four characters, and three years 
Yield Maturity Lodging Height 
Cross Parameter^ (grams) (days) Score (cm) 
1 1971 Fg lines; 
CV 8.3 11.3 
LSD 93 2.6 
1972 Fg 1ines; 
CV 5.0 
LSD 91 
1972 F^ line 1; 
CV 8.4 8.0 15.5 5.1 
LSD 136 2.4 0.6 10 
1973 all entries; 
CV 7.9 7.6 12.8 5.5 
LSD 122 3.4 0.6 11 
1972-73 al1 entries: 
F_. 1 ines CV 8.0 8.3 14.4 5.4 
b LSD 89 2.2 0.4 7 
F 1ines CV 1.1 6.4 13.9 5.6 
2 LSD 90 1.9 0.5 8 
PS lines CV 7.8 5.7 13.8 5.2 
LSD 93 1.8 0.4 7 
RS 1i nes CV 8.6 7.9 13.4 5.8 
LSD 93 2.0 0.4 8 
Check 1ines CV 9.1 8.1 13.6 5.4 
LSD 100 1.9 0.4 7 
1971 Fg 1ines: 
1972 Fg lines; 
CV 6.0 9.4 
LSD 68 2.3 
CV 5.2 
LSD 90 
^CV is in percentage, LSD is given at the 5% probability level 
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Table 16. (continued) 
Yield Maturity Lodging Height 
Cross Parameter^ (grams) (days) Score (cm) 
1972 F_ line 1: 
i) 
CV 8.2 6.6 14.6 5.4 
LSD 127 1.8 0.6 10 
1973 all entries; 
CV 7.7 9.9 11.7 5.6 
LSD 116 3.9 0.5 10.7 
1972-73 all entries: 
Fg. lines CV 7.7 9.6 12.8 5.7 0 LSD 83 2.2 0.4 7 
F_ 1ines CV 7.4 8.4 10.0 5.5 
z 
LSD 83 2.3 0.3 8 
PS lines CV 7.4 5.9 9.6 5.6 
LSD 85 1.7 0.3 8 
RS lines CV 7.8 9.4 12.4 5.9 
LSD 84 2.3 0.4 8 
Check 1ines CV 8.1 9.9 12.8 4.9 
LSD 88 2.1 0.4 6 
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